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Tanning is a protective response of ultraviolet (UV)-
irradiated skin that decreases damage from su.bsequent sun 
exposures by increasing the epidermal content of melanin, a 
brown-black pigment that absorbs light energy throughout 
the UV and visible portions of the electromagnetic spectrum. 
The melanin pigment is made by epidermal melanocytes and 
transferred to surrou.nding keratinocytes. The action spec-
trum, time course, and histologic features of tanning are well 
studied, but the initiating molecular events are unknown. 
Previous work has shown that T4 endonuclease V, a pro-
karyotic DNA repair enzyme that catalyzes the first and rate-
limiting step in repair of UV -induced pyrimidine dimers, 
T anning or ultraviolet (UV) - induced melanogenesis is . a protective response of skin to sun exposure. Like sunburn and photocarcinogenesis, its action spectrum lies primarily in the UVB portion of the electromag-netic spectrum (290-315 nm) [1]. The intensity of 
the response is genetically determined [1,2], and is generally greater 
in persons with dark constitutive pigmentation. After a sufficient 
sun exposure, beginning within 24-48 h and peaking within 4-
7 d, melanin production increases [3]. Increases in melanocyte 
number, as well as increases in melanosome number, their average 
degree of melanization, and their transfer rate to surrounding kera-
tinocytes all contribute to the darkening of skin color. In the ab-
sence of further sun exposure, melanin synthesis rate and skin color 
return gradually to basal levels over days to weeks. 
The mechanism of UV-induced melanogenesis is unknown [4-
6]. Recent studies have implicated the diacylglycerol/protein kinase 
C pathway rather than the cyclic adenosine monophosphate/pro-
tein kinase A pathway classically presumed to mediate melanin syn-
thesis, as for example by al£ha-melanocyte-stimulating hormone 
in murine melanoma cells l7 -1 0], but no primary photoreceptive 
event has yet been identified. Studies with cultured pigment cells 
have determined that UV irradiation can directly stimulate melano-
genesis [8], but it is unknown whether UV-induced melanogenesis 
is the consequence of a specific photon-initiated cascade or simply a 
non-specific injury response [6,11-14], also known to occur as a 
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delivered in carrier liposomes (T4NS), enhances repair of 
UV -induced DNA damage in cultured human cells and pro-
tects against photocarcinogenesis in an animal modeL We 
now report that T4NS treatment enhances UV-induced 
melanogenesis, as measured by melanin content, tyrosinase 
activity, 14C-dopa incorporation, and visual assessment in 
both S91 murine melanoma cells and human melanocytes. 
T4NS treatment also increases cell yields following UV irra-
diation. These data suggest that tanning can be stimulated 
through enhanced DNA repair. Key words: melanocytes/ 
endonuclease / melanin/ tyrosinase/irradiation/ tanning/ 
DNA repair.] Invest DermatoI101:666-672, 1993 
consequence of inflammation due to immunologic events or after 
thermal, chemical, or mechanical trauma and possibly mediated 
through release of lipo-oxygenase products from damaged cell 
membranes. Vitamin D3 and its metabolites and photoproducts 
[15 - 18] have been examined but not convincingly demonstrated to 
mediate the UV response; other keratinocyte-derived products 
[19-24] almost certainly contribute, although their importance to 
tanning relative to signals initiated within the melanocyte is un-
known. 
One well-documented consequence ofUV irradiation at the cel-
lular level is cyclobutane pyrimidine dimer formation . Like tan-
ning, pyrimidine dimer formation is UV dose dependent and has an 
action spectrum primarily in the UVB region [25,26], raising the 
possibility that the processes are linked. Repair of UV -induced py-
rimidine dimers might therefore, by the same reasoning, be a stimu-
lus to tanning. 
Liposome-encapsulated T4 endonuclease V (T4NS) has been 
shown to enhance pyrimidine dimer repair in UV -irradiated cul-
tured human keratinocytes and fibroblasts and intact mouse skin 
[27]. In addition, this preparation strikingly enhances the survival of 
cultured UV -irradiated cells from xeroderma pigmentosum patients 
and decreases malignant tumor development in UV -irradiated mice 
[28], a phenomenon also directly attributable at least in part to 
unrepaired thymine dimers [29] . 
We now report that T4N5 treatment ofUV-irradiated S91 mur-
ine melanoma cells and human melanocytes enhances their melanin 
content, tyrosinase activity, and I'C-dopa incorporation i" vitro, 
whereas treatment with a heat-inactivated but otherwise identical 
T4N5 preparation does not. T4NS treatment has minimal or no 
effect on melanogenesis in paired non-irradiated cell s. Moreover, 
T4NS treatment significantly increases cell yields and cell viability 
after UV irradiation. We speculate that the endonuclease augments 
melanogenesis as part of an enhanced cellular survival process. 
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MATERIALS AND METHODS 
Human Melanocytes Primary cultures ofhumannconatal foreskin mcl-
ocytes from both black and white donors were established as described 
aneviously [30]. At third passage, 2 X 105 ce lls were plated either in triplicate ~~-mm Falcon plastic dishes (Becton-Dickinson, Lincoln Park, N]) or on 
Labtek g lass slides (Nunc Inc., Naperville, IL) and maintained in Medium 
199 supplemented with 7% fetal bovine serum (FBS) epidermal growth 
factor (Collaborative Res.earch) 10 ng/ml , insulin (Sigm~) 1O.,ug/ ml, triio-
dothyronine (Collaborative Research) 10- 9 M, transfernn (Sigma) 10,ug/ 
1 hydrocortISone (CalblOchem) 1.4 X 10- 6 M, cholera tOXll1 (CalblO-~;m) 10- 9 M, and basic fibroblast growth factor (Collaborativc Research) 
10 ng/ml. 
591 Melanoma Cells S91 Cloud man melanoma cells were seeded at 
2 X 105 cells/ dish in triplicate 60-mm dishes oron Labtek glass slides (Nunc 
Inc.) and maintained in Dulbecco's modified Eagle's medium supplemented 
w ith 4% calf serum (CS). 
Photomicrography Phase-.contrast photomicrographs of unstained ce lls 
were obtained uSll1g a Nlkon lI1verted microscope. 
F ntana-Masson Argentaffin Reaction Cells maintained on Labtek ~ss slides were fixed with 4% for~alin and then incubated for 2 hat 56°.C 
fn silver nitrate solution. After nnsll1g, ce lls w~re toned 1Il gold ~h londe for 
2-3 min, rinsed, and placed III 5% sodlUm t1uosulfate for 1 nun [31] . S91 
cells were further counterstained with Nuclear Fast Red for 5 min. 
T4N5 Liposomes T4N5 preparations were prepared ~s described [32]' 
Briefly, the liposo~es are composed of phosphandylchohne, phosphatldyl 
hanolamine, oleiC aCid, and cholesterol hemlsuccll1ate (2: 2: 1 : 5 molar 
e\io respectively) [33]. They encapsulate T4 endonuclease V, which is the 
ra od~ct of the cloned phage den V genc [33]. In UV-irrad iated keratinocytes 
pr d fibroblasts cultures, T4N5 liposomes at a concentration of 0.2 ,ug/ ml 
anaximally enhanced unscheduled DNA synthesis, suggesting that T4N5 ~posome effect is sa turated at this concentration [34]. In preliminary experi-
I ents liposomes concentrations up to 0.25 ,ug/ ml were not toxic to S91 or 
:elanocytes; therefore in final experiments liposomes containing acti~e 
T4N5 or heat-inactivated T4N5 endonuclease as a control were d1lured 1Il 
melanocyte or S91 medium and used at 0.25 ,ug/ml. 
UV Irradiation The UV irradiation source was a 1 kW xenon arc. When 
the culrores attained approximately 50% confluence, cells were irradiated 
through the elastic dish cover, which provides irradiance s~ilar to a 305-
nrn filter [35J . Irradlance was adjusted to 2 X 10- 4 W cm 2 and cultures 
were exposed to a single dose of either 5 m]/cm2 or 10 m]/cm2 as metered at 
285 ± 5 nm. The doses were chosen to fall within the physiologic range of 
UV expected to reach melanocytes in irradiated human skin [8]. During UV 
irradiation, medium was replaced with phosphatc-buffered sa line (PBS) to 
avoid formation of toxic photoproducts. Immediately after irradiation, PBS 
was replaced with fresh medium supplemented with 2% FBS (melanocytes) 
or 2% CS (S91 cells) and one each of triplicate dishes was provided with 
either T4N5, inactive T4N5, or the same volume of PBS. After overnight 
incubation (16 h) , the medium was removed and the melanocytes or S91 
cells were maintained in their respective media supplemented with 7% FBS 
or 4% CS as above. Melanin content, tyrosinase activity, 14C_ DOPA uptake 
and cell number were determined at 16 h and dai ly for up to 6 dafter UV 
irrad iation. Sham-irradiated control cultures were handled identically, but 
placed under a dark cloth adjacent to the UV beam. Because of limited ce ll 
ava ilability, not all observations were recorded 111 each expenment at each 
time point after irradiation. 
Cell Number Cells were detached by incubation for 3-4 min in 0.25% 
trypsin. Cell number was determined on an aliquot using a particle counter 
(Coulter Electronics Inc., Hialeah, FL). Cel l viability, determined by the 
rrypan blue dye exclusion assay [8], was always above 90%. . 
Melanin Assay Paired dishes of melanocytes or S91 cells were trypsin-
ized, washed rwice with PBS, and solubi lized in 0.8 IIlI 1 N NaOH with 
vigorous vortexing for 10 -15 min. Melanin concentration was determined 
by measurement of 00475 and comparison with a standard curve obtained 
using a synthetic melanin (Sigma) . Results were expressed as melanin con-
ten t per cell. 
Tyrosinase Activity Tyro~inase activity was determined by a modifica-
rion of the Pomerantz method [36] . Briefly, cultured melanocytes or S91 
melanoma cells were harvested and washed rwice as described above. 2 X 
105 melanocytes or 5 X 105 S91 melanoma cells were lysed with 400,u1 
ice-cold 50 mM PBS, 0.5% Triton-X 100, pH 6.8, and sonicated with a 
250/450 Sonifier (Branson Ultronics) for 5 seconds on ice. Each tube re-
ceived 400 ,ul of a standard reaction mixture solution that contained 75 IlM 
ENHANCEMENT OF UV-INDUCED MELANOGENESIS 667 
tyrosine, 75,uM dihydrolCyphenylalanine (DOPA), and 4 ,uCi 3,5 3H_tyro_ 
sine (DuPont Co.) in 50 mM PBS (pH 6.8). The samples were vortex cd 
. thoroughly and lI1cubated at 37"C for 50 min. To terminate the reaction, 
800,u1 of 10% activated charcoal in 0.1 N HCl was added to the tubes 
which were centrifuged at 13,000 rpm for 15 min. One-hundred- or rwo~ 
hundred - mi.croliters aliquots of supernatant were placed in scintillation 
Vials contallllng 4 ml of standard scintillation cocktail. 
"e-DOPA Uptake Cells were incubated with the melanin precursor 
L-3,4 dlh.ydroxyphenyl [l _I4C) alanine (New England Nuclear) (0.5,uCi/ 
35 mm. dish) for 24 h as descnbed [8]. Cells were rinsed rwice with PBS, 
trypsllllzed, centrifuged, and extracted rwice with 2 ml of 4 °C 5% trichlo-
roacetic acid in 95% ethanol. The incorporated radioactivity was determined 
using a sc intillation counter. 
Statistical Analysis Data were analyzed by analysis of variance with main 
effects of treatment, donor, level of irradiation, and time. Each of the out-
come responses and counts were treated for the presence of outliers. The 
analyses were repeated with the outcome measure transformed by logarithm 
and square r.oot to test for spurious resu lts due to either a lack of normality or 
unequal variance. Time and irradiation were modeled both as categorical and 
as con~lI1uous factors . Post-hoc comparisons of means were done by using 
Tukey s test. All analyses were done by computer with the SAS statistical 
analYSIS packa~e, version 6.04. The alternative analyses with transformal 
outcomes, outhers removed, and time and irradiation treated as continuous 
or cate~orica l factors did not uncover any new associations or alter any 
conclUSIOns based on the origina l analysis. 
RESULTS 
In preliminary studies, overnight treatment with increasing doses of 
T4N5 or heat-ll1actlvated T4N5 up to 0 .25 m g/ml did not signifi-
cantly affect S91 cell number, morpho logy, or melanin content per 
cell as compared to PBS-treated controls, establishing that the lipo-
some preparations were not toxic to the cells. Because published 
observations wI~h cultured keratinocytes and fibroblasts suggest no 
slgmficant addmonal DNA repair in liposome concentrations 
> 0.2 ,ug/ ml [34]. in all definitive experiments 0 .25 ,ug/ml T4N5 
w as used . 
UV irradiation (10 mJ/cm 2) of diluent-treated S91 cells and 
humanme!anocytes affected cell yields, morphology, melanin con-
tent, tyrosmase activity, and 14C-DOPA incorporation as antici-
pated, based on p~evious experience i.u our laboratory [8,16]. Cells 
treated With heat-lI1activated T4N5 did not differ statistically in any 
instance from diluent-treated cells and the two groups are therefore 
discussed together as controls, although the data are presented sepa-
rately in the figures. 
Effects ofUV Irradiation and T4N5 on S91 Cells 
Cell Growth: T~N5-t~eated cells and controls grew identically and 
were morp.hologlCaUy l11dlstll1gUlshabl e by phase microscopy after 
sham madla~lOn. Over 4 d, the S91 cells underwent approximately 
four population doubl111gs and attained 70 - 80% confluence. 
By phase-contrast microscopy, 16 h after UV irradiation (10 mJ/ 
cm
2) most?f the control cells were rounded as expected (Fig 1A,B). 
However, 111 T4N5-treated S91 cells no UV effect on cell morphol-
ogy or attachment . was observed (Fig 1 C), and the cells looked 
mstead like sham-irradiated controls (Fig lD). UV irradiation 
arrested cell growth for at least 6 d in all groups, but cell yields were 
greater (p < 0.0.001) for T4N5-treated cells than for controls (Fig 
~), consistent With an appr~xllnate l y threefold greater cell survival 
111 the first 24 h poSt-irradlatlon, approximately 50% for T4NS-
treated cells versus less than 20% in control groups. Thus, T4NS 
protected S91 cells fr0111 UV-induced cell damage, as assessed by 
both morphology and cell yields. 
TyrosilJase Activity: In all groups of sham-irradiated S91 cells, there 
was a ~lig.ht ll1cr~ase in tyrosinase activity over 72 h (Fig 3), consist-
el?t With ll1creaSll1g confluence, known to be associated with greater 
pigment production in this cell line. Tyrosinase activity was slig htly 
but not significantly higher in T4N5-treated S91 cells than in the 
control groups. After UV irradiation (10 mJlcm2) in all groups 
there w as a significant increase in tyrosinase activity (p < 0.0001) 
that became progressively more pronounced over the 72-h experi-
ment (p < 0.0001). Compared to comparably confluent sham-irra-
668 GILCHREST ET AL 
Figure 1. Protective effect of T4N5 on UV-irradiated S91 cells. Sixteen 
hours after solar-simulated irradiation containing 10 mJ/cm2 UVB, the 
majority of cells provided with (A) PBS or (B) inactive T4N5 are rounded 
and detaching from the dish surface. In contrast, T4NS-treated cells (C) 
remain spread on the dish surface and closely resemble sham-irradiated cel ls 
(D) .. Phase-contrast micrographs; bar, 25 J1.m (A-D). 
diated cells (those at the first timepoint), UV-irradiated control S91 
cells approximately doubled in tyrosinase activity within 72 h, con-
sistent with previous experience in our laboratory [8]. whereas in 
T4N5-treated S91 cells tyrosinase activity more than tripled, a sig-
nificantly greater increase than in the control groups (p < 0.0001). 
Melanin Contellt: Melanin per cell assayed 16 h to 96 h post-irra-
diation was comparable in all sham-irradiated groups, 6.6 to 8.0 
pg/cell (Fig 4). After UV irradiation (10 mJ/cm2), in all treatment 
groups there was a significant (p < 0.0001) and progressive (p < 
0.0001) increase in melanin per cell within 96 h. However, in 
T4N5-treated S91 cells melanin per cell was significantly higher 
(p < 0.0001) than in the control groups at all times after UV irra-
diation (Fig 4) . This effect of T4N5 was found to be UV dose 
dependent, in that in T4N5-treated cells irradiated with 5 mJ/cm2 
the increase in melanin content above controls was noted only at 
72 hand 96 h and was of lesser magnitude (Fig 4, inset). After 24 h, 
melanin content per cell was also lower in control cultures receiving 
5 mJ/cm2 than in paired control cultures receiving 10 mJ/cm2, as 
expected. In paired cultures grown on Labtek glass slides and treated 
identically, this T4N5-related difference in melanin content of 
irradiated S91 cells was readily apparent as more melanin granules 
(Fig 5). 
HC-DOPA Incorporation: To further confirm the increased tyro-
sinase activity and melanin content per cell in UV -irradiated 
T4N5-treated S91 cells, we measured 14C-DOPA incorporation in 
the three treatment groups during sequential 24 h periods after UV 
irradiation: 24-48 h, 48-72 h, and 72-96 h. There was a signifi-
cant increase (p < 0.004) in 14C-DOPA incorporation in all groups 
between UV-irradiated and sham-irradiated cells (data not shown). 
However, at all times in control S91 cells 14C-DOPA incorporation 
was approximately 40% greater in UV -irradiated than in sham-irra-
diated cells, but in T4N5-treated S91 cells He-DOPA incorpora-
tion was approximately 140% greater. At all times 14C_DOPA was 
significantly higher in UV -irradiated T4N5-treated S91 cells than 
in the two UV-irradiated control groups (p < 0.004) (Fig 6). 
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Figure 2. Effect of T4N5 on UV -irradiated S91 cell survival. S91 mela-
noma cells were exposed to solar-simulated UV (10 mJ/cm2) and then 
treated either with T4NS (b lack bar), inactive T4NS (white bar), or the same 
volume of PBS (dashed bar). One representative experiment performed in 
duplicate (mean ± SD) is shown. Cell yields are greater for T4NS-treated 
cells than for controls on each of the six post-irradiation days, with no 
significant increase in any treatment group between day 1 and day 6. The 
approximately threefold greater yields in the T4NS-treated cells presumably 
reflects greater survival in the first 24 h post-irradiation, consistent with the 
cultures' morphologic appearance (Fig 1) . 
Effect ofUV Irradiation and T4NS Treatment on Human 
Melanocytes 
Cell Growth: In sham-irradiated melanocytes there was no differ-
ence in cell number or morphology among the different treatment 
groups, confirming that the liposome preparations were not toxic to 
the cells. Within 96 h after UV irradiation (10 mJ/cm2), cell yields 
were approximately 30% less in both T4NS-treated and control 
melanocytes than in sham-irradiated controls. Duplicate cultures 
grown on Labtek glass slides confirmed that the cells were morpho-
logically normal and that the selected dose ofUV irradiation was far 
less injurious to melanocytes than to S91 cells, probably because of 
the slower growth rate and higher protective melanin content of 
melanocytes. More effective DNA repair in normal human melano-
cytes than in malignantly transformed murine melanocytes may 
also have contributed to the differential impact of this UV dose. 
Tyrosinase Activity: Because human melanocytes and murine mel-
anoma cells sometimes have discrepant responses to melanogenic 
stimuli (for example, alpha-melanocyte-stimulating hormone [6}), 
an experiment was performed to assess the effect of T4N5 versus 
control treatments on human melanocyte tyrosinase activity at 24, 
48, and 72 h after UV irradiation. As observed in the S91 experi-
ments, sham-irradiated cultures increased their tyrosinase activity 
by approximately 50% between 24 and 72 h. Compared to T4N5-
treated sham-irradiated controls, however, T4N5-treated UV-irra-
diated melanocytes increased their tyrosinase activity by 91 %, 
whereas the increase in the UV-irradiated control groups treated 
with inactive T4N5 or PBS averaged only 30% (data not shown). 
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F· ure 3 . Effect ofT4N5 on tyrosinase activity in S91 cells. Cells were UV 
. 19 diated (10 mJ/cm') or sham-irradiated and then treated for 16 h With ~:N5 or control prepar~tions as described in Materials and l>1ethods. Tyr~slll-
e activity increased slightly and comparably over 72 h III all sham-lrfa-
: ted cells consistent with increasing confluence of the cultures. In all J~ _irradia~ed ce!ls increases were greater than in the sham-irradi.ated cells, 
but were higher III cells treated With T4N5 (black bar) thaulllactlve T4NS 
(wh ite bar) or PBS (dashed bar). Plotted values are the mean ± SO from three 
experiments. 
Melanin Co rI tell t: In all sham-irradiated ~elanocyt~s there was a 
slight but significa~t (p < ~.~01) increase In melanm content per 
11 within 72 h (Fig 7). TIllS Increase was greater In T4NS-treated ~elanocytes in the controls, but not significantly so. . 
There was a minimal but statistically significant (p < 0.001) 111-
crease in melanin content per cell in the UV-irradiated inactive 
T4NS and PBS groups, compared to their respective sham-irra-
diated controls, consistent with the modest biologic effect of the 10 
mJ/cm2 dose on these well-melanized celIs. How~ver,. melamn per 
cell was significantly higher (p < 0.003) 111 UV-madlated T4NS-
treated melanocytes than in either sham-irradiated T4NS-treated or 
UV -irradiated control melanocytes, and the magnitude of these 
differences increased between 24 and 72 h (p < 0.004) (Fig 7). 
Thus in normal human melanocytes as well as in S91 murine mela-
nom; cells, T4NS treatment enhances UV -induced melanogenesis. 
DISCUSSION 
We have demonstrated that in human melanocytes and S91 murine 
melanoma cells T4 endonuclease V provided in a liposome vehicle 
(T4NS) markedly enhances UV-induced pigmentation, as m~a­
sured by melanin content, tyrosinase activity, and 14C-DOPA In-
corporation, as well as visual assessment of the cells. T4NS treat-
ment also increases cell yields following UV irradiation and may 
slightly increase basal pigmentation in unirradiated cells as well. 
T h e mechanism ofUV-induced melanogenesis is unknown [6). 
Our study tests the hypothesis that, as a protective accommodation 
of irradiated skin, tanning is part of an SOS response analogous to 
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Figure 4. Effect ofT4N5 on melanin content in S91 cel ls. Cultures were 
irradiated and th~n treated as described in Fig 3. In all UV-irradiated groups 
there was a slgmficant Increase in melanin/cell within 96 h after UV irra-
d~atlon . However, in T4N5-treated S91 cells (black bar) melanin/cell was 
higher than In cells treated with inactive T4N5 (white bar) or PBS (dashed 
bar) . Plotted values are the mean ± so from six experiments. In one experi-
ment (inset), paired cultures received either the standard irradiation dose (10 
mJ/cm' ), half that dose (5 mJ/cm' ), or sham irradiation. In T4NS-treated 
S91 cells that received 5 mJ/cm', the increase in melanin content relative to 
controls is less than in paired cultures that received 10 mJ/cm2 and the 
increase in melanin content above control groups appears later, at 72 h versus 
24 h. Plotted values are the mean of duplicate dishes. 
the cascade of events identified in irradiated prokaryotic cells that is 
acti~ated directly by pyrimidine dimer formation and repair. The 
fi~ding th~t T4NS, known to. enhance UV-induced pyrimidine 
duner repalr)27 ,33) and n~t belteved to affect cells in any way other 
than to mediate DNA repair, Increases tanning in cultured S91 cells 
and human melanocytes strongly suppOrts our hypothesis. 
In the extensive!y studied pro~aryotic systems, the major repair 
pathways for UV-mduced pynmldme dimers involve ei ther direct 
photore.v~rsal of thedimers or incision of the surrounding DNA 
a.nd excls~on of ~he duners, followed by DNA resynthesis and liga-
tlO~ (revle~ed m [37)) . . In bacteriophage T4-infected Escherichia 
coit, the mlt1al and rate-lImiting incision step is carried out by the 
d~n V gen~ product (T4 endonuclease V) [38J, a 17-kDa protein 
With two dlstmct enzymatic ac tivities: N -glycosyl bond hydrolysis 
of one member of the pyrimidine dimer, followed by hydrolysis of 
the phosphodiester bond of the same nucleotide. An exonuclease 
then removes the damaged DNA fragment and the DNA strand is 
ultimately repaired by DNA polymerase and DNA ligase using the 
undamaged strand as a template (reviewed in (37)) . Prokaryotes also 
exhibit an inducible excision repair system that requires at least 
three proteins, Uvr A, B, and C, for the incision step. These pro-
teins, along with those involved in a recombination repair pathway, 
are part of the SOS response ,system in E. coli (reviewed in [39)) . 
Treatments that damage DNA are thought to lead to the production 
of an intracellular signal, probably single-stranded DNA, that inter-
670 GILCHREST ET AL 
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Figure 5. Effect ofT4N5 on the appearance of silver-stained UV-irradiated 
591 cells. 591 cells treated for 16 h after UV irradiation (10 mJ/cm2) with 
(A) T4N5 or (B) heat-inactivated T4N5 were fixed 72 h after irradiation 
and then stained with silver nitrate solution, toned with gold chloride and 
counterstained with nuclear fast red. T4NS-treated cel ls display more intra-
cellular brown color (melanin) than do control cells; bar, S 11m (A and B). 
acts with and activates a protease, the Rec A protein [40]. This 
enzyme then inactivates repressors of the more than 20 genes in-
volved in the SOS response, leading to their induction (reviewed in 
[40] and [41]) and ultimately to enhanced cell survival. 
The mechanics of the repair of UV-induced DNA damage in 
eukaryotes is presently poorly understood. However, recent work 
has begun to identify the processes and proteins responsible in lower 
organisms. In yeast, at least six gene products are required for nu-
cleotide excision repair, including the Rad 1, Rad 3, Rad 10, and 
Ss12 proteins [42] . The Rad 3 and Ss12 proteins are thought to be 
DNA helicases that produce localized unwinding at sites of DNA 
damage [43,44] . The single-stranded regions produced are then 
thought to be cleaved and degraded by the RAD l/RAD 10 endo-
nuclease [45]. The other proteins involved in this process have yet to 
be characterized. Although the excision repair pathway is believed 
to be highly conserved between yeast and humans, few data are 
available. However, based on amino acid sequence homology, the 
human Ercc 3 protein is thought to be the homologue of the yeast 
Ss12 helicase [44,46]. Also, recent reports have begun to identify the 
proteins missing or defective in xeroderma pigmentosum patients, 
known to be deficient in thymine dimer repair [32], although the 
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Figure 6. Effect ofT4NS on HC-DOPA incorporation in 591 cells. Cul-
tures were irradiated and then treated as described in Fig 3. A representative 
experiment performed in duplicate is shown (mean ± 5D). After UV irra-
diation HC-DOPA incorporation is higher in T4NS-treated 591 cells (black 
bar) than in cells treated with inactive T4NS (while bar) or PB5 (dashed bar). 
functions of these proteins remain unknown [47,48]. No human 
homologue for the Rec A protein has yet been identified. However, 
human cells are known to respond to UV -induced DNA damage by 
the induction of certain genes, such as c-fos [49,50], GADD [50,51], 
HSP70 [35], and SPR 2 [50] through as yet unknown mechanisms. 
In addition to its effect on UV -irradiated cells, T4N5 treatment 
of sham-irradiated S91 cells and particularly melanocytes often also 
produced a slight increase in melanin per cell, compared to the two 
control groups. Altered growth rate, frequently associated with in-
verse changes in melanin content of both cell types [52], could not 
be implicated in this effect. Conceivably there is a constitutive low 
level of pyrimidine dimer formation in cultured cells and the in-
creased melanin synthesis in T4N5-treated cells reflects enhanced 
repair of these dimers, although another investigator previously 
failed to detect such dimers under basal conditions in S91 cells [53]. 
Alternatively, T4N5 may be involved in repairing other forms of 
DNA damage, known to occur continuously, albeit at a very low 
rate, in all cells. This postulated ability of melanocytes and S91 cells 
to respond to even minimal T4N5-mediated DNA repair by detect-
able tanning is consistent with the positive response of T4N5-
treated melanocytes following exposure to a UV dose that only 
minimally enhanced melanogenesis in control melanocytes. 
In our study, the T 4 endonuclease V was presented to the cultured 
cells encapsulated in liposomes. Topical application of this T4N5 
preparation to UV -irradiated mouse epidermis was shown to en-
hance pyrimidine dimer removal from DNA and to decrease photo-
carcinogenesis [27,28]' indicating that liposomes effectively deliver 
the enzyme to the viable epidermis. It follows that this preparation 
applied to human skin might provide a means to augment protective 
tanning and thus decrease damage from subsequent UV exposures 
while enhancing repair of DNA damage incurred during the initial 
UV exposure. 
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Fi e 7_ Effect of T4N5 on melanin content i~ hu~an melanocytes. 
e'1:res were irradiated with 10 mJ/cm2 or sham-irradiated, then treated 
wtrh T4N5 (black bars), i?active T4N5 (white bars), or PB.S (dashed bars) for 
16 h as described m Matenals atld Methods. In all sham-Irradiated g~oups there 
is a slight increase in ~e~an~n content/cell ::ithin 72 h: At all times, how-
ever, melanin per cell IS slgnific~ntlyh,gher 1Il U,,: -irradiated T4N5-treated 
melanocytes than m the sham-madlated or UV-m~dlated control groups. 
Plotted values are the mean ± so from three expenments m duphcate. 
We thank Dr. Robert Lew for assistance with statistical aualysis of the data atld 
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